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FINAL REPORT 
on 
TRACE MATERIAL GENERATION RA"Z SIMULATOR. 
TASK B: STUDY OF GENERATION RATe PAT"S 
t o  
from 
NORTH STAR RESEARCH AND DEVELOPMENT, IElSTITLlTE 
May 28, 1965 
INTRODUCTION AND SUMEIARY 
This document presents the methods and r e su l t s  of s tudies  on trace- 
material  generation r a t e  patterns anticipated i n  the habitable area of a 
spacecraft  on a 14-day mission. The chief objective of the research was t o  
provide programs for  operation of a trace material  control un i t  (PICU) which 
would simulate both actual  generation r a t e s  and equivalent r a t e s  modified to  
account f o r  the presence of trace material sinks. A second objective was t o  
disclose any inadequacies i n  the inventory of a space capsule, i n  the iden- 
t i f i c a t i o n  and character izat ion of trace materials,  and i n  the k ine t ics  of 
gas evolution which should be remedied t o  permi t  a more r e l i ab le  study of 
genera t i on  r a t e  pa t terns  . 
Research methodology and the r e su l t s  obtained by appl icat ion of the 
methodology t o  the problem of estimating generation r a t e  pat terns  fo r  trace 
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materials  are  presented, The trace-material sources a re  the material ,  equip- 
ment, and the men i n  a six-cubic-meter capsule designed for  a 14-day lunar 
m i s s  ion  
The f i r s t  part of the repor t  is an exposit ion of the rate-controll ing 
mechanism for  the gassing of organic materials.  
mechanism provides the mathematical model for  calculation of gassing r a t e s  
versus time. 
t r o l  system (SCS) to  a r r ive  a t  trace-material generation rates .  Correlation 
of the findings with data on analyzed atmospheres a f t e r  Mercury f l i g h t s  led 
t o  an estimate of the t o t a l  amount of e lec t ronic  gear, and t o  estimates of 
the kind and r a t e  of generation of other t race materials not associated with 
e lec t ronic  gear. 
l i s t i n g .  
repor t  , 
A diffusion-controlled 
It is  applied t o  the components of the s t ab i l i za t ion  and con- 
Volati le materials of biological  or igin were added to  the 
Results of a l l  calculations are provided i n  tabular form i n  the 
A scheme was devised t o  use available numerical data on the tox ic i ty  
of materials t o  obtain "relat ive toxicity" ra t ings.  Some trace materials 
could then be subst i tuted for  others t o  a r r ive  a t  a smaller list of materials 
f o r  use i n  the 'IMCU. The "relat ive toxicity" ra t ings  have been tabulated. 
The l a s t  par t  of the report  presents a methodology fo r  simulating the 
ac t ion  of trace-material sinks i n  order t o  develop programs for  the TMCU. 
Programs designed to  simulate closed systems with and without trace-material 
sinb require the ac tua l  use of open loops. The programs a re ,  i n  general, 
within the design capabi l i t i es  of the trace-material control  unit .  
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RECOMMENDATIONS FOR ADDITIONAL W O R K  
The current analysis was undertaken with the object of arr iving a t  
t race material  generation ra tes  based on available information. It was, 
and still  is, apparent tha t  data are lacking for  complete and accurate 
development of generation r a t e s ,  and for  the making of meaningful toxici ty  
predictions. 
To gather the requis i te  data on generation r a t e s ,  three major 
These are:  a l te rna t ives  may be considered. 
1. Analysis of the accumulation of gaseous contaminants in a 
space capsule carried through a simulation of ac tua l  use. 
Development of understanding based on mathematical and 
experimental analyses of the ac tua l  processes con- 
t r ibut ing to gaseous contamination occurring i n  each 
component material. 
Development of empirical data on gaseous output from 
each component material. 
2. 
3. 
The f i r s t  a l te rna t ive  is surely the eas i e s t ,  but a t  the same time 
the l ea s t  sat isfactory.  It does not provide the basic data which w i l l  
permit prediction of e f f ec t s  on gaseous contamination when a l t e r a t ions  a re  
-de i n  mater ia ls ,  components, or operating conditions. 
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The second a l te rna t ive  is ideal but may or may not be pract ical .  A 
f i r s t  s t ep  would be to  examine its prac t ica l i ty .  We visual ize  that i ts  
pursui t  could progress through the following phases: 
1. Mathematical treatment of one or  two cases i n  which assumptions 
ere  =de as to the existame of several  concurrent processes 
(oxidation, thermal degradation, and diffusion).  Such an 
analysis would serve to examine the ease with which a detai led 
understanding of the processes involved could be put t o  use, i f  
available.  It would also serve to  ident i fy  the important 
variables to which a t ten t ion  should be given i n  gathering and 
using experimental data. 
2. A complete inventory of a l l  materials,  equipment, and processes 
i n  Apollo C/M. 
3. Forecasts of the expected temperature prof i le  as a function of 
This is necessary a s  time for each material  i n  the inventory. 
a guide t o  tes t ing  procedures and as  par t  of the information 
needed to  predict  gassing ra tes .  
4. Information on weight, surface area,  and volume of each i t e m  
of the iuventory together with information on proximity to  
diffusion ba r r i e r s  which w i l l  r e s t r i c t  access of outgassed 
material  t o  the atmosphere. 
5. Measurements of outgassing designed t o  give information on the 
processes involved and t h e i r  rates. This would mean tha t  data 
should be gathered a t  a se r i e s  of temperatures under conditions 
such that  diffusion rates  a re  not  a l imit ing factor .  This 
could be accomplished by making measurements of outgassing of 
very th in  sheets or of powders. 
the presence and in the absence of oxygen to  dis t inguish between 
t h e m 1  degradation and oxidative processes. 
s tudies  using thicker pieces of known volume, diffusion rates 
could be calculated. 
Measurements should be made i n  
By repeating 
Such an approach would give basic data which would be interpolated 
and extrapolated with confidence as a l t e ra t ions  i n  components a re  made 
<pr~i&c!irig the s e x  s t e r i z l s  are used), If the labor of such an approach 
-5-  
appears overwhelming a f t e r  completion of s tep  one, or  even before i ts  
completion, then the third a l te rna t ive  approach should be undertaken. 
This approach would require:  
1. A complete inventory of a l l  mater ia ls ,  equipment, and processes 
i n  Apollo C m .  
2. Forecasts of the expected temperature prof i le  a s  a function of 
t ime  for each mater ia l  i n  the inventory. This  is necessary 
as  a guide to  tes t ing  procedures and a s  pa r t  of the information 
needed t o  predict  gassing ra tes .  
3. Studies of outgassing of ac tua l  components of su i tab le  samples 
of ac tua l  components. 
s u f f i c i e n t  data  for  predictive purposes i f  i t  included 
measurements of gases produced a t  three d i f f e ren t  time in t e rva l s  
a t  each of three temperatures. In ac tua l i t y ,  i t  probably would 
not be necessary t o  carry out s tudies  on each component. 
I n i t i a l  probes would undoubtedly show the gas contribution from 
some c lasses  of materials t o  be negl igible .  
Such s tudies  would probably provide 
This th i rd  a l t e rna t ive  would not  be capable of a s  grea t  extrapolat ion 
as the second. From the prac t ica l  standpoint,  i t  may be more a t t r a c t i v e ,  
and could be undertaken instead of the second a l te rna t ive .  
Contaminants a r i s ing  from biological  sources s imi la r ly  require  
addi t iona l  a t t en t ion  before t h e i r  i den t i ty  and quant i ty  can be predicted 
with confidence. The following uni ts  of work a re  recommmded: 
1. A l i t e r a t u r e  search i n  depth for  addi t ional  information on the 
iden t i ty  and generation r a t e s  of v o l a t i l e  mater ia ls  from 
biological  sources. The estimates of these mater ia ls  set f o r t h  
i n  t h i s  report  have been based largely on secondary sources. A 
study i n  which or ig ina l  sources could be studied and canpared i n  
d e t a i l  would yield more meaningful estimates. Interviews with 
invest igators  who a re  ac t ive ly  concerning themselves with such 
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questions as the ident i ty  of the components of sweat, the 
e f f e c t  of bac te r i a l  action on sweat, and the iden t i ty  of f l a t u s  
components would be par t icu lar ly  helpful  i n  sharpening and 
evaluating the estimates . 
2. An experimental study of expired a i r  t o  ident i fy  and measure 
normal t race contaminants. Because of the  large volume of 
resp i ra tory  a i r ,  the presence of very small amaunts of foreign 
chemical species could make a large contr ibut ion t o  the con- 
tamination of the space-capsule atmosphere. Very l i t t l e  
evidence of systematic invest igat ion of t h i s  source was evident 
from our exploration of the l i t e r a t u r e .  Such s tudies  would seem 
t o  merit  high p r io r i ty .  Some ideas on the necessary refinement 
of experimental approaches have been conceived. 
3. A study t o  ident i fy  and measure the unident i f ied components of 
f l a tus .  D r .  Murphy of the United S ta tes  Department of 
Agriculture had estimated tha t  a s  much a s  one percent of flatus 
components remain unidentified.  This could be an important 
source of contamination and i s  deserving of continued research 
emphasis. 
4. A study of apocrine sweat, 
a t t en t ion  has been given t o  apocrine sweat. Systematic s tudies  
of i ts  cons t i tu t ion  are needed. 
In  work on sweat const i tuents  l i t t l e  
These comments r e l a t e  t o  the iden t i f i ca t ion  and quant i f ica t ion  of 
those materials which might predictably appear as contaminants of the 
space capsule atmosphere. The assessment of t h e i r  s ignif icance i n  terms 
of e f f e c t s  on man represents an area where very l i t t l e  meaningful work is 
available.  This is  especial ly  true when one considers possible addi t ive and 
synerg is t ic  e f f ec t s  and when one considers possible e f f e c t s  on behavior and 
eff ic iency.  Studies i n  which the e f f ec t s  of combinations of the s ign i f i can t  
contaminants on behavior a s  wel l  as upon the usual indicators  of tox ic i ty  
a re  ca l led  for ,  The i n i t i a l  experiments should be i n  animals with f i n a l  
confirmation of sa fe ty  i n  man. 
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Gassing of Organic Materials 
When the p a r t i a l  pressure of t race mater ia ls  i n  the atmosphere is  low,  
the ra te-control l ing fac tor  i n  the degassing r a t e  is the mechanism by which 
these v o l a t i l e s  are  released. This mechanism is not unique. For saturated 
systems, there is a constant "drying" r a t e  corresponding t o  evaporation a s  
from a l iquid of constant area. This is followed by a f a l l i n g  r a t e  over a 
period of time during which the evaporation r a t e  is  proportional to the 
f r a c t i o n  of the surface which is wet. Final ly ,  there i s  another period of 
f a l l i n g  r a t e  during which l iquid evaporates from the surface as f a s t  as i t  
can g e t  there by d i f fus ion  from the i n t e r i o r  of the so l id .  
. Materials acceptable for  space-travel missions w i l l  gas according t o  
some modification of the l a s t  mechanism. This follows because baking of coat- 
ings and "running in" of equipment prevents the attainment of sa tura t ion  of 
the surface with v o l a t i l e  materials.  
a r i s e s  from slow, but  continuous, generation of the same or new contaminants 
by thermal degradation and oxidation. These f resh  trace materials must a l s o  
be l o s t  by a di f fus ion  process, except fo r  a small f r ac t iona l  p a r t  generated 
a t  the surface.  
w i l l  be diffusion-controlled.  
The modification of simple d i f fus ion  
Thus, the over-all  r a t e  of generation of t race mater ia ls  
Diffusion-controlled gassing w i l l  r eac t  t o  temperature changes by 
the obvious change i n  magnitude of the di f fus ion  constant and by changes i n  
8 -  
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r a t e  of production of t race materials by oxidation and thermal degradation. 
For a given temperature the t race contaminants w i l l  be l o s t  according to  a 
pa r t i cu la r  solut ion of Pick's law of d i f fus ion  for  nonstationary s t a t e  of 
flaw. 
gassing data  avai lable  and t o  the geometry of the t e s t  materials.  
cept  used i s  tha t  of drying a s lab  of mater ia l  from two sides.  
course, only an approximation i n  view of the var iable  geometry of t e s t  
samples and of mater ia ls  used i n  a spacecraft. 
general  exponential decline w i t h  time of trace contaminant content of a 
mater ia l  : 
The solut ion used f o r  t h i s  program(') i s  adapted to the empirical 
Thc c m -  
It is ,  of 
However, it w i l l  define the 
log (?!y log (+) - + 
9.2a 
where Qt = average concentration remaining a t  time t 
Qo = i n i t i a l  uniform concentration 
a = thickness 
D = di f fus ion  constant 
t = time 
Use of the above equation serves two purposes. F i r s t ,  the gassing pro- 
cess  can be studied as  a diffusion-controlled process f o r  mater ia ls  on which 
gassing data  a re  avai lable .  
spec i f i c  t i m e  i n t e rva l s  and fo r  d i f f e ren t  temperatures. 
Second, gassing r a t e s  can be estimated for  
The accuracy of 
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estimation w i l l  be unknown i n  the case of samples of varying geametry under- 
going a wide var ie ty  of decomposition reactions.  
could be followed i n  a kinet ic  study of one material. 
A more accurate procedure 
The f i r s t  objective -- showing that a l l  materials gas according to  
a diffusion-controlled mechanism -- was met by shming:  
deviations e x i s t  i n  the r e l a t ive  ra tes  of outgassing, and (2) tha t  a l l  the 
r e l a t ive  r a t e s  of outgassing conform to  the pat tern of equation [l]. 
term "relat ive rate"  here permits use of data based on samples of d i f f e ren t  
materials with d i f f e ren t  Qo values and d i f fe ren t  geometries. 
objective -- estimating gassing ra tes  for  d i f f e ren t  temperatures over the 
time in te rva l  of the Apollo mission -- was m e t  by using a reasonable energy 
of ac t iva t ion  for  diffusion,  6000 c a l  per mole, and by assuming no change i n  
geometry between t e s t  samples and materials i n  the spacecraft. 
apparent tha t  experimental k ine t ic  studies are  required t o  determine the 
temperature coeff ic ients  of specif ic  reactions of thermal degradation and 
oxidation, and the i r  contributions t o  changes i n  gassing r a t e s  with tempera- 
ture. 
(1) tha t  only random 
The 
The second 
It i s  
I -  
I -  -10- 
Rate Controllinn Mechanism for  Gassing 
Oven weight-loss data versus time were used to  examine the random 
var ia t ion  of r e l a t ive  r a t e s  of weight loss  among a l l  the materials studied 
i n  Honeywell's program(') of gassing tes t ing  for Apollo C/M Stabi l iza t ion  
and Control System. The measurable weight losses for  seven days a t  350% 
ranged from 0.1 to  68 percent by weight. The r e l a t ive  r a t e  of weight loss  
between one and seven days was defined as the difference between the 
logarithms of percentage weight loss  a t  these two times. Plotted against  
percentage weight loss a f t e r  seven days i n  Figure 1, the r e l a t ive  r a t e s  show 
a randan pattern.  This suggests that the var ia t ions a re  due t o  experimental 
e r ror  r a the r  than t o  a given mechanism. There is no evidence fo r  more than 
one rate-control l ing process, and the data  can be represented as  well  by a 
single  process, say diffusion, as by several. 
To demonstrate th i s  point fur ther ,  the same r e l a t ive  r a t e s  were plot ted 
on probabili ty-log scales i n  Figure 2. 
r e f e r s  to  those samples reported i n  the e a r l i e r  tes t ing  program('). 
tha t  the random nzture of data i n  Figure 1 is confirmed by the organized 
pa t te rn  i n  Figure 2. Moreover, the r e l a t ive  gassing r a t e s  for  d i f f e ren t  
samples of one generic material  (an epoxy designated as 6020) are  scat tered 
over the en t i r e  l i ne  i n  Figure 2.  Since i t  is reasonable to  assign only 
The cumulative percentage of samples 
Note 
- 2 1 -  
1 
I 
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one ra te -cont ro l l ing  mechanism to  one generic material,.  and s ince the s c a t t e r  
of data  is no greater  for  the several mater ia ls  than for  the one mater ia l ,  i t  
therefore ,  seems appropriate t o  assign only one rate-control l ing mechanism 
to gassing of a l l  the mater ia ls  tested. 
Probably the most obvious ra te-control l ing mechanism to consider is 
diffusion.  
ment according to equation b]. 
Accordingly, the data  on oven gassing were normalized by treat- 
This was aided by a redef in i t ion  of terms: 
Qo = extrapolated value for  weight loss i n  percent a t  
i n f i n i t e  time , 
Q t  = weight loss  i n  percent a t  time, t. 
The follawing treatment w a s  applied then to  the oven test data  for the more 
l imited number of organic mater ia ls  i n  the S tab i l i za t ion  and Control System. 
By a se r i e s  of approximations, a Qo value was selected f o r  each 
mater ia l  such tha t  p lo t s  of log (Qt/Qo) versus t i m e  intercepted the log ax is  
near 8/n as defined by equation e]. 
t o  t h i s  treatment. 
mater ia ls  were undergoing almost t o t a l  degradation; fo r  example, one material  
had a Qo value of 91 percent. 
2 A l l  data  conformed reasonably well 
The r e s u l t s  supplied a bonus by indicat ing which 
The chief use made of equation El] w a s  t o  ca lcu la te  weight l o s s  for  any 
time in te rva l .  This was c r i t i c a l  to the program because time zero for a 
space mission is not time zero for manufacture of a p l a s t i c  or coating of 
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an e l e c t r i c a l  component. Rather, i t  i s  the beginning of a 14-day period 
following approximately 1000 hours of operation of each system during mor- 
t a l i t y ,  rurusiilg-in, iind check-out t e s t s .  
was the period between 40 and 54 days a f t e r  manufacture. 
The period selected for t h i s  study 
Table 1 contains the gassing rates calculated from oven weight-loss 
-1 tests a t  350°F. 
equation k]- 
an energy of ac t iva t ion  of 6000 cal  per mole. 
These r a t e s  are reported i n  day , i .e. the slope of 
The table a l s o  includes calculated r a t e s  for 150°F based on 
This temperature coef f ic ien t  
i s  s ign i f i can t  providing there i s  no change i n  the geometry of the mater ia ls ;  
with no geometry change, the diffusion constant i s  the only temperature- 
s ens i t i ve  term i n  the slope of equation One recognizes but  does not 
account f o r  the higher temperature coef f ic ien t  which is  cha rac t e r i s t i c  of 
the inherent processes of oxidation and thermal degradation. 
It is  d i f f i c u l t  t o  estimate the r e l i a b i l i t y  of the temperature cor- 
rect ion.  
process, however, and there were no experimental data  a t  low temperature 
from which an energy of ac t iva t ion  could be calculated.  
gassing data  for near 2Oo0F based upon s ingle  points  i n  time -- two days 
usually.  
and two days a t  ZOOOF is so tenuous (Figure 3), t ha t  calculat ions based on 
oven t e s t  data a t  35OoF and the assumed A E  are  preferred over use of the 
gassing data a t  20OoF. 
The selected energy of ac t iva t ion  is reasonable for a d i f fus ion  
There a re ,  i n  f a c t ,  
The re la t ionship  between weight loss  during seven days a t  350°F 
-15- 
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Gassing Rates for Materials i n  
S tab i l iza t ion  and Control System 
Time-Line Analysis of Gassing Rates fo r  SCS 
A time-line analysis  of gassing r a t e s  fo r  the SCS was based on a 
nwez r-  prefile fer its sl-lhsyrtem am! .r listing of organic material weights 
by subsystem. A modified power prof i le ,  Table 2 ,  presents the f rac t ion  of 
f u l l  power a t  which each of the 13 subsystems operates a t  any time during 
a 14-day lunar mission. This table includes some a rb i t r a ry  select ions of 
maximum power, and some "smoothing" of power inputs by a time-weighted 
average where the power prof i les  were jagged. The abbreviated prof i le  is 
more than adequate i n  consideration of the modest f luctuat ion i n  power leve l  
with t ime.  
The abbreviated power prof i le  was used to  project  material  tempera- 
tures. A l l  organic materials within a subsystem were a r b i t r a r i l y  considered 
t o  be a t  150°F whenever tha t  subsystem was operating a t  maximum power, or a t  
80°F when tha t  subsystem was operating a t  zero power. 
l eve ls ,  i t  was assumed tha t  the weight of material  a t  150°F is proportional 
t o  the power level expressed a s  f rac t ion  of f u l l  power fo r  the subsystem 
concerned. Accordingly, the material  inventory of the SCS was d is t r ibu ted  
For intermediate power 
among the subsystems (Table 3) and used t o  
150°F i n  each subsystem a t  any t i m e  (Table 
each mater ia l  could be considered to  be a t  
calculate  weights of material  a t  
4). The balance of the weight of 
80%. For ease of calculat ion,  
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these l a t t e r  weights were converted by a fac tor  of 8.15 to  corresponding 
weights which would gas a t  the same ra t e  a t  150- i n  order t o  obtain the final 
temperature prof i le  of Table 5. 
From Table 5 ,  generation ra tes  may be correlated with individual 
materials or with the t o t a l  system. It should be noted that  the time- 
temperature prof i le  indicates  only small f luctuat ions of generation r a t e  with 
t i m e .  
can be used t o  estimate trace material generation ra tes .  
The time-weighted averages of the weights of each material  a t  150% 
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Generation Rate Prof i le  fo r  SCS 
Equation [l] was employed t o  extrapolate weight loss  data  on the SCS 
to  an operational period of 14 days; a period of 1000 hours, assumed as an 
average f o r  operational running of a l l  systems before launch (Table l),was 
taken i n t o  account. The extrapolated weight losses  were apportioned between 
carbon monoxide and t o t a l  organics for each mater ia l  (Table 6) using gas 
iden t i f i ca t ion  data  from Honeywell's report  to North American Aviation 
(NAA)(*). The t o t a l  organic output of each material  was fur ther  apportioned 
among the spec i f i c  ident i f ied  and unknown compounds according t o  r e l a t i v e  
concentrations of organic contaminants as found i n  the same study for  NAA 
(Table 7) .  Trace contaminants were sumned over a l l  mater ia ls  i n  the inven- 
tory t o  provide a l i s t i n g  of amounts of 12 spec i f i c  organic compounds and 
of a group of unknawns (Table 8 ) .  
-24- 
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Material  Micromoles 
Mount of O r g  
6473 
7 13413 
6771 
6762 
7147 
7664 
7560 
7022 
6856 
6020G 
7228 
7616 
6025 
6733 
7609 
7570 
7541 
7159 
162.1 
84.3 
0.2 
0 
0 
38.4 
0 
51.8 
680 
0 
0 
0.25 
0 
4307 
0 
io. 05 
(0.75 
< 140 
TOTALS 5465 
Total  
Organic 
Micromoles 
496 
1905 
0.4 
93.4 
40.6 
<320 
718 
155 
142 
19.6 
167 
0.5 
<3600 
7850 
\1.0 
(51 
(3.7 
<42 
15,555 
a 
AMOUNTS AND DISTRIBUTION OF TRACE CONTAP. 
93 (0.6) 
10 (0.56) 
137 (1.0) 
2400 (0.67) 40 (0.01) 220 (0.06) 540 (0.15) 
0.14 (0.14) 0.09 (0.09) 
7 (0.14) 
3109 90 203 1044 672 
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BLE 7 
NA"I3 FROM MATERIALS IN SCS (14-DAY MISSION) 
nic Trace Contaminants, Micromoles (Mole Fraction) 
EBE XYL NEAL MMC IPAL HEP CUM UNK 
125 (C.25) 40 (0.08) 
95 (0.05) 629 (0.33) 
14 (0.35) 9 (0.21) 
0.5 (1.0) 
40 (0.01) 
0.09 (0.09) 0.06 (0.06) 
7 (0.14) 37 (0.72) 
102 720 134 40 
0.15 (0.37) 
140 (0.04) 
7370 (0.94) 80 (0.0 
7510 480 
38 (0.02) 
18 (0.44) 
718 (1.0) 
62 (0.4) 
. I U ~  ,.-(0.33j ii0 ( 0 . 3 4 j  
10 (0 .44)  
220 (0.06) 
0.62 (0.62) 
3.7 (1.0) 
105 1180 
I -  
1 '  
@ 
i 
B 
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TABLE 8 
TRACE CONTAMINANTS FROM scs 
DURING 14-DAY MISSION 
Trace Material Snnbol 
i-Propyl Alcohol 
Carbon Monoxide 
* 
Methyl-n-Butyl Ketone 
o-m- or p-Xylene 
Toluene 
Heptane 
E thyl Alcohol 
n-Butyl Alcohol 
Cumene 
Ethyl Benzene 
Methyl Ethyl Ketone 
He thyl Me thacryla te 
UnknawnS 
IPAL 
co 
AC 
MIBK 
xn 
nn 
HEP 
EAL 
NBAL 
CUM 
EBE 
MEK 
rJrac 
UNK 
*Ace tone, e thyl f o m  te and/or me thyl acetate . 
Amount 
Micromoles 
7,510 
5,465 
3,109 
1,044 
720 
672 
480 
203 
134 
105 
102 
90 
40 
1,180 
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Trace Materials not Generated by S tab i l iza t ion  
and Control Svs tern 
Honeywell's thorough inventory of the SCS permitted a detai led study 
of its trace mazerial generation ra te  prof i le .  
f o r  other systems. It was proposed, therefore,  to  estimate the t o t a l  
generation r a t e  prof i le  f o r  a l l  materials and equipment by some type of 
extrapolation of data for  the SCS. Studies of the atmosphere of Mercury 
capsules provide the clue fo r  useful extrapolation. 
No inventory was available 
Same of the trace materials known t o  a r i s e  from the SCS were found 
i n  Mercury capsule atmospheres. New trace materials found i n  Mercury 
capsule atmospheres, but not generated by materials i n  the SCS, are  assumed 
to  a r i s e  from other systems than the SCS. Accordingly, i t  w a s  possible t o  
develop proportionali ty fac tors  f o r  trace material  generation r a t e s  i n  the 
SCS t o  account for  the contributions of other materials and equipment. 
To i l l u s t r a t e  the above reasoning, consider the f a i r l y  constant 
proportionali ty among concentrations of the same materials found i n  both 
Apollo SCS and Mercury capsule atmospheres. 
AveraRe Concentration Ratio 
Material Pair  Mercury Apollo scs 
TOL/EAL 7.55 3.3  
EAL/MEK 3 2.3 
TOL/NBAL 5.75 4.9 
One can presume tha t  equipment on Apollo C/M w i l l  introduce trace materials 
not found i n  the SCS roughly i n  proportions found fo r  Mercury atmospheres. 
-28- 
The new materials always found i n  Mercury atmospheres are Freon 114, v inyl i -  
dene chloride,  methylene chloride,  and benzene. Ethylene dichloride was 
found soaetfmes, and should be considered here because of i ts  high toxici ty  
and the 1iMihood of i ts  being present i n  subs tan t ia l  amount. 
t ive  amounts of these new materials and of one mater ia l  (e thyl  alcohol) 
The re la -  - 
conmon t o  both atmospheres are a s  fo l lows :  
Trace Material Maximum Amount from - Name Symbol Mercury Tests. ppm 
Freon 114 F114 6,000 
Ethylene Dichloride EDC 40 
Vinylidene Chloride VDC 2 
Methylene Chloride MC 2 
Benzene BEN 1 
Ethyl Alcohol EAL 3 
Trace materials counnon to  both atmospheres are present a t  roughly a 
three- fold higher concentration in the Mercury capsule atmosphere than i n  
the Apollo CIM atmosphere on the basis of the SCS contribution to  trace 
material  generation. Therefore, it i s  estimated tha t  there w i l l  be approxi- 
mately three times more e lec t ronic  gear than represented by the SCS con- 
t r ibu t ing  to  trace material  contamination. Accordingly, the generation 
r a t e  prof i le  of Table 7 can be multiplied by three and the new trace materials 
may be added to  the l i s t  i n  the proportion found i n  Mercury capsule atmos- 
pheres. This provides the complete r a t e  generation pa t te rn  fo r  materials,  
processes, and equipment. 
I -  
-29 - 
Specifically,  the amount of ethyl alcohol from Table 7 is 203 micro- 
moles. I f  the t o t a l  amount of alcohol i s  three times t h i s  value, the 
ammmts of ns- a t e r i a l s  a re  as reported ir: Table 9. 
TABLE 9 
AMOUNTS OF TRACE CONTAMINANTS GENERATED BY OTHER 
ELECTRONIC GEAR (14-DAY MISSION) 
Trace 
Contaminant 
F114 
EDC 
VDC 
Me 
BEN 
EAL 
Re l a  t ive 
Amount 
6,000 
40 
2 
2 
1 
2 
Actual Amount, 
Micromoles 
1,2 18,000 
8,120 
406 
406 
2 03 
609 
Volat i le  Materials of Biolonical Orivin 
I n  assessing the iden t i ty  and amount of v o l a t i l e  materials to be 
expected from biological sources, considerable re l iance has been placed on 
secondary sources of information such as t ex t s ,  the Bioastronautics Data Book, 
and the Biology Data Book. Effor ts  have, however, been made to  search out 
s igni f icant  additions t o  the l i t e r a t u r e  which have appeared since 1960, and 
t o  re turn  t o  the or ig ina l  l i t e r a t u r e  to evaluate par t icu lar ly  important 
conclusions. 
Sources of atmospheric contamination considered, and disposi t ion made 
of the sources a re  tabulated i n  Table 10. 
-30- 
TABLE 10 
DISPOSITION OF BIOLOGICAL SOURCES OF AlMOSPHERIC C0N"ATION 
Source 
Feces 
Disposition 
Not considered a s igni f icant  source of atmospheric 
contamination since feces a re  t o  be deposited i n  a 
gas-proof bag which is immediately sealed. 
Urine Same a s  for  feces. 
Skin Secretions It i s  assumed that a l l  skin secretions,  including 
s w e a t  and sebum, reach the space capsule atmosphere 
except as limited by the i r  v o l a t i l i t y .  
I n t e s t i n a l  Gases Assumed tha t  a l l  f l a t u s  gases reach the atmosphere 
of the space capsule. 
Breath Assumed tha t  a l l  respiratory gases reach the space 
capsule atmosphere. 
Food Since Food is  to be packaged i n  hermetically sealed 
containers to  be opened only as the food is  consumed, 
i t  is  assumed not  t o  make s igni f icant  contributions 
to  the atmospheric contamination. Experience has 
shown t h a t  food odors can be noticeable with 
extremely small actual  concentrations of odor com- 
ponents. The marked odors of many food items might 
suggest t ha t  s ign i f icant  contamination of the atmos- 
phere with compounds from the food would occur even 
i n  the br ie f  exposure to  a i r  t ha t  occurs when the 
packages of food a re  opened fo r  consumption. 
Attempts t o  identify the flavor components of food, 
however, have served to  emphasize the exquis i te  sen- 
s i t i v i t y  of the olfactory apparatus. Ionization 
detectors ,  such as are used i n  gas chromatography, 
can de tec t  par ts  pe r  b i l l i o n ,  but the o l f a c t o  
The number of compounds ac tua l ly  involved i n  food 
odors have proved extremely numerous(32~33). 
nerves can detect  100 t o  10,000 times less( 3031). 
Hygiene Ac t i v i t i c s  Since these arc to  be limited t o  provisions f o r  towel- 
l ing ,  they are assumed to  make no s igni f icant  contr i -  
butions. 
Miscel ianeous Sources 
Tears 
Nasal Drippings contamination. 
Hair 
Nail Clippings 
Ear Wax 
None considered s igni f icant  sources of atmospheric 
-31- 
In  estimating atmospheric contributions,  an e f f o r t  has been made t o  
keep the estimates within what seem reasonable ranges, but to  tend toward 
high r a t h e r  than low estimates.  This is ,  of course, i n  the i n t e r e s t  of 
safety.  A l l  r a t e  estimates are  on a per man basis.  
out  i n  the discussion. I n  some cases, i t  i s  possible tha t  a very extensive 
e f f o r t  i n  searching the l i t e r a t u r e  would supply addi t ional  useful  data. 
Skin Secretions 
Skin secret ions include eccrine sweat, apocrine sweat , and sebum. 
Added t o  these a re  mater ia ls  contributed by s lu f f ing  of the surface layer of 
c e l l s ,  and materials added by gas exchange through the skin. Final ly ,  
bac t e r i a l  ac t ion  may play an important pa r t  i n  a l t e r i n g  the iden t i ty  of the 
mater ia ls  a f t e r  they appear a t  the skin surface. The magnitude of these 
a l t e r a t ions  w i l l  be dependent on body hygiene and the means taken t o  cope 
with ac tua l  runoff of mea t .  
It i s  assumed tha t  only v o l a t i l i t y  w i l l  l i m i t  the contribution of skin 
secret ions t o  the atmosphere. This is, of course, an extreme assumption, 
conservative on the s ide of safety.  
and disposed o f ,  they w i l l  t o  t ha t  extent not make contributions t o  the 
atmosphere. 
continue t o  make atmospheric contributions,  depending on the disposi t ion tha t  
I f  skin secret ions are  physically removed 
Skin secret ions which are absorbed on clothing may o r  may not 
-32 - 
i s  made of the clothing. 
reduce the amount of v o l a t i l e  sk in  secretions escaping i n t o  the atmosphere. 
As the clothing becomes saturated,  i t  presents a large surface fo r  evaporation. 
The wearing of l i g h t  clothing may not markedly 
Eccrine Sweat. Eccrine sweat is  t h a t  p a r t  of the t o t a l  sk in  secretions 
contributed by thermally responsive sweat glands- ‘1T?ese are unevenly dis- 
tr ibuted over the body surface, there being about s i x  times the density of 
s w e a t  glands on the palms of the hands as on the back and buttocks. The 
composition of eccrine sweat is not constant, but is, among other influences, 
a function of the sweating r a t e .  
concentrations of 68 mg per 100 cc i n  profusely emitted sweat and 275 mg per 
100 cc i n  intermit tent ly  secreted sweat. These e f f e c t s  a re  a t  least  i n  the 
d i rec t ion  of rendering t o t a l  secretion of solutes  less dependent of sweat 
volume. 
R ~ t h m a n ( ~ ) ,  for  example, notes nitrogen 
Measurements of sweat composition have frequently been made by sur- 
rounding a body member with an impermeable bag and col lect ing a l l  aqueous 
secret ions f o r  analysis.  Other col lect ion techniques have sometimes been 
used. Accordingly, measurements of sweating r a t e  a re  subject to  wide var ia-  
t ion,  and values from near zero t o  over three l i t e rs  per hour have been noted. 
The recent data of Consolazio and c ~ - w o r k e r s ( ~ )  seem a good basis  on which 
t o  make estimates for present purposes. He conducted s tudies  a t  a s e r i e s  of 
temperatures and f o r  an a c t i v i t y  p ro f i l e  i n  which most of the day w a s  spent 
-33- 
i n  sedentary a c t i v i t y  except fo r  two exercise periods of SO minutes each. 
Sweating r a t e s  were : 
Mean Temp., Sweat Rate 
OF n/hr 
70 143 
85 242 
100 3 12 
Using these values together with values c i t ed  i n  the Bioastronautics 
Data Book(5), the following sweating r a t e s  have been selected as a basis  
for ca lcu la t ion  of atmospheric contamination from sweat: 
Low 50 g/hr 
Median 250 g/hr 
High 400 g/hr 
The median value i s  used i n  calculat ing the amounts of individual trace 
mater ia ls  discussed below. 
Lactic Acid. Lactic acid appears i n  sweat i n  r e l a t ive ly  large amounts 
and has s ign i f i can t  v o l a t i l i t y .  
contaminant. The amount i n  sweat has becn shown by Astrand(6) t o  go a s  high 
a s  500 mg per 100 m l  during the f i r s t  of a sweating period, but t o  leve l  off 
a t  about 156 t o  190 mg per 100 m l  a s  sweating continues. 
100 m l  for  purposes of calculat ion and using sweating r a t e s  calculated 
above, the t o t a l  l ac t a t e  secret ion night be : 
It must, therefore,  be considered a poten t ia l  
Using 190 mg per 
LOW 95 mg/hr 
Median 675 mg/hr 
High 760 mg/hr 
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The t o t a l  amount of t h i s  supply which w i l l  evaporate i n t o  the atmos- 
phere i s  l imited by the amount present as  l a c t i c  acid i t s e l f ,  by the 
concentration rcached as the water component of sweat evaporates, by the 
temperature, and by the surface area fromwhich evaporation occurs. 
The amount present a s  l a c t i c  acid is a function of pH. Skin pH values 
do not  ord inar i ly  vary by more than one pH u n i t  and pH 5.7 represents a good 
estimate of the mean. A t  pH 5.7 most of the l a c t i c  acid w i l l  be present as  
-4 the l a c t a t e  ion,  s ince the ionization constant of l a c t i c  acid is  1.5 x 10 
(pKa = 3.81). 
nonionized form a t  pH 5.7, and only about 10 percent a t  pH 4.7. The vapor 
pressure of pure l a c t i c  acid a t  4OoC would be about 0.25 mm. 
t h a t  a t  equilibrium the a i r  above l a c t i c  acid a t  40° w i l l  contain 1.4 x 10 
mole per l i t e r .  
Only about one percent of the l a c t i c  acid w i l l  be present i n  
This means 
-4 
If nearly a l l  the aqueous phase of sweat evaporates i t  could leave 
behind a system containing l a c t i c  acid and lac ta tes .  Limiting concentrations 
of l ac  t i c  acid w i l l  then be : 
a t  pH 4.7 - 
a t  pH 5.7 - 14 ,p mole/l gas 1.9 mole/1 gas 
I f  new sweat accumulates so t.,at the l imi t ing  concentrat-on on the 
evaporative surface is 1 m, then the mole f r ac t ion  of t o t a l  l ac t a t e  w i l l  
be about 0.02 and the l imi t ing  concentrations w i l l  be: 
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. 
The l a t t e r  conditions seem the l i ke ly  ones, and a l imit ing concentra- 
t i on  of 0.05 y mole per l i t e r  of atmosphere seems a safe  estimate. 
It is  ins t ruc t ive  t o  estimate the probable r a t e  of evaporation of 
f r e e  l a c t i c  acid should i t  by chance be present i n  grea te r  amounts than 
indicated above. This was done by noting the constant proport ional i ty  
between measured r a t e s  of evaporation and vapor pressures for  the case of 
water (Figure 4) down t o  the ice  point. I f  evaporation r a t e  is  proportional 
t o  vapor pressure,  and i f  the l a t t e r  declines exponentially with decreasing 
tenperature, i t  i s  apparent t ha t  the cvaporation r a t e  of s l i g h t l y  v o l a t i l e  
acids w i l l  be very l o w  a t  body temperature. For the case of l a c t i c  acid 
having a vapor pressure of two mn Hg a t  57OC, the evaporation r a t e  would be 
about one g per square foot  per hour. 
water having a vapor pressure of two ~lpn Hg. 
vapor pressure of l a c t i c  acid would be near 0.25 mm Hg. 
evaporation r a t e  would be near 0.06 g per square foot  per hour or 1 .2  g per 
man-hour a s  a maximum. I n  consideration of the f a c t  tha t  less than one 
percent of the acid is f r e e  acid,  and tha t  vapor pressure would be lowered 
by a fac tor  of 50 fo r  0.02 mole f rac t ion  solut ion,  t h i s  maximum rate would 
-4 be reduced by a fac tor  of about 4000 t o  2.4 x 10 g per man-hour or 2.5 
moles per man-hour. 
This is the rate of evaporation of 
A t  body temperature, the 
The corresponding 
Y 
This is a bordcrline r a t e  fo r  atmospheric contamination. I n  view of 
the probabi l i ty  tha t  there w i l l  be  even less than one percent f r ee  l a c t i c  
acid,  t h i s  acid w i l l  not be given fur ther  consideration as  a t race con- 
taminant. 
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FIGURE 4 VAPOR PRESSURE AND EVAPORATION RATE FOR WATER 
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Ammonia. "Ammonia" i s  present i n  only minimal quant i t ies  i n  f reshly 
excreted sweat"). It i s  formed by bac ter ia l  decomposition of urea. The 
amount found on examination of sweat usually ranges from 2.5 to  35 mg per 
100 m l ?  I f  20 mg per 100 m l  is used €or purposes of calculat ion,  then 
estimates of amounts produced would be : 
LOW 10 mg/hr 
Median 50 mg/hr 
High 80 ng/hr 
The actual  concentration of amonia as such w i l l  be a function of the 
The ionizat ion constant of amnonium hydroxide is 2.5 x 10 -5 pH of the system. 
a t  4OoC. The pH a t  the equivalence point w i l l ,  therefore,  be about 9 . 2 5 .  
This means t ha t  a t  the pH prevailing on the skin (5.7) about 0.06 percent 
of the t o t a l  a m n i a  of the system w i l l  be nonprotonated. The v o l a t i l i t y  
w i l l  be l imited by concentration and by DH s h i f t s  which occur as  annnonia is 
l o s t  from the system. 
I f  evaporation of water occurs so rapidly tha t  the sk in  remains 
e s sen t i a l ly  dry,  then the contribution t o  the atmosphere might be estimated 
a t  less than the following values : 
LOW 
Median 
High 
0.0006 1; 10 mg/hr = 0.006 mg/hr * 0.35~1 mole/hr 
0.0006 x 50 mg/hr = 0.03 mg/hr = 1 . 7 ~  mole/hr 
0.0006 x 80 mg/hr = 0.048 mg/hr = 2.8 ,~  mole/hr 
I 
I 
8 
I 
I 
8 
1 
8 
1 
8 
I 
8 
II 
I 
I 
I 
1 
I 
8 
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Since the skin w i l l  nearly always be f a i r l y  moist, actual  r a t e s  w i l l  
be 0.1 to  0.0002 of these values. 
sen t  a reasonable estimate. 
Rates of 0.02~ mole per hour might repre- 
These calculat ions assume that the anions are nonvolatile, This may 
not be e n t i r e l y  correct .  
and ammonia could r a i se  these values somewhat. 
Dissociation of weak salts to  yield v o l a t i l e  acids 
Since ammonia a t  the body surface is largely contributed by urea 
decomposition, estimates of the potent ia l  supply are  of some pertinence, 
It is possible t h a t  bac te r ia l  action on sweat-soaked clothes where the 
buffering act ion of new sweat deposits was not avai lable  might contribute 
subs tan t ia l  quant i t ies  of ammonia, The amount of urea i n  sweat expressed i n  
terms of urea nitrogen is given as 5 t o  39 mg per 100 m l  by Bioastronautics 
Data Book(5). 
range 13.5 t o  40 mg per 100 m l .  
A paper by Brusilow and GordesC7) gives data  covering the 
If 30 m g  of potent ia l  ammonia per 100 m l  sweat is used for  purposes 
of calculat ion,  estimates of r a t e s  become: 
LOW 15 mg/hr = 0.89 m mole/hr 
Median 75 mg/hr = 4.2 m mole/hr 
High 120 mg/hr = 7.0 m mole/hr 
Phenol. The amount of phenol i n  sweat is given i n  the Bioastro- 
nautics Data Book(5) as two t o  eight mg per 100 m l  of sweat. 
of these data i s  apparently Altman and D i t t m e r ( 8 ) .  
The source 
Altman and Dittrmr 
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reference the i r  source incorrect ly ,  but  do l i s t  i n  t h e i r  references a source 
which r e f e r s  i n  turn t o  a paper by Deichmann and Schafer"). 
found 0.09 to  0.44 mg of f ree  phenol and 0.04 to  0.11 mg of conjugated 
phenol per 100 ~l of sweat. 
per 100 nrl .  These values a r e  an order of magnitude lower than those c i t ed  
by Altman and D i t t m c r .  
These workers 
Total concentrations were from 0.16 to  0.55 mg 
Using 0.4 mg per 100 m l  fo r  making estimates of phenol from sweat 
one obtains the following f igures  : 
Rate = 0.4 mg/lOO m l  
LOW 
Median 
High 
0.2 mg/hr = 2.143 mole/hr 
1.0 mg/hr = 1 9  mole/hr 
1.6 q / h r  = 17p mole/hr 
Phenol has a vapor pressure of one tam Hg a t  4OoC. Moreover, the 
water-phenol system shows posi t ive deviations from idea l i t y ,  thus leading 
t o  e f f ec t ive  removal of phenol by aerat ion,  or  d i s t i l l a t i o n .  It is, 
therefore ,  expected tha t  phenol w i l l  be evaporated along with sweat. 
f igure  of 19 mole per man-hour i s  used for  calculat ion of contamination 
The 
r a t e s .  
Iodine. Iodide ion is  a poten t ia l ly  v o l a t i l e  material  since i t  may 
be gradually oxidized t o  iodine by exposure t o  atmospheric oxygen. 
t o t a l  amount available i s ,  however, judged too small t o  be of importance. 
The concentration i n  utg per 100 mg sweat i s  given as  0.0009(5). 
median sweating ratc of 250 m l  per hour, t h i s  would give only 2 mg per 
three-man mission of 14 days. 
The 
A t  the 
-40- 
Apocrine Sweat. Apocrine sweat is produced by glands located i n  
the a x i l l a e ,  perimanillary regions,  mid-line of the abdomen, nons pubis, 
pe r igen i t a l ,  and per ineal  areas and i n  the external  ea r ,  and the nasal 
vest ibulae.  These glands do not respond t o  thermal s t imulat ion but  do 
respond t o  mental s t imul i  v i a  the adrenergic system(3). 
cumposition of apocrine sweat are  minimal. 
f a t t y  acids are  present even i n  the absence of bac te r i a l  action. Limited 
da ta  gathered by Thumon and Ottenstein(lO) indicate  pH values about one- 
half  u n i t  higher than eccrine sweat, and l a c t a t e  concentrations about 
equivalent t o  eccrine sweat. Ottenstein(”) gives f igures  indicat ing 
ammonia leve ls  several  times higher than fo r  eccrine sweat but  with lower 
urea values, @ne s ~ s p e c t s  bacterial actinn, 
Data on the 
R o t h d 3 )  s t a t e s  t ha t  f ree  
report  t ha t  apocrine sweat becomes odorous (12) Kligman and Shebackh 
only as a r e s u l t  of bac te r i a l  action. They a l s o  repor t  the apocrine glands 
of pubic regions t o  be nonfunctional. 
From the l imited data available one might expect t h a t  the apocrine 
sweat would contribute pr inc ipa l ly  to addi t ional  ammonia, probably t o  the 
ex ten t  of 0 . 0 5 ~  mole per hour. This i o  negl igible  compared t o  the amount 
produced by bac te r i a l  action. 
Insensible Sweat. Insensible sweat a r i s e s  by unnoted evaporation 
of eccrine and apocrine sweat, and by water exchange d i r e c t l y  through the 
skin. Methodology used t o  measure t o t a l  sweat would include the v o l a t i l e  
components of insensible  sweat within the r e su l t i ng  estimates.  
I -  
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- Sebum. 
A main sourcc is  the sebaceous glands associated with ha i r  f o l l i c l e s ,  
Sebum consis ts  of f a t  and c e l l u l a r  debris on the sk in  sur- 
face. 
present in man everyikr2 ha i r  f o l l i c l e s  2rc present. 
apocrine glands and the keratinizing epidcrnis . 
has usually been confined t o  the l i p id  fract ion.  
duced is limited by the amount already present on the skin and by the 
temperature. 
fu r the r  secret ion u n t i l  i t  is removed by physical means or by emulsifica- 
t i o n  i n  sweat (13). 
and with r a t e s  of production. As i n  the case of sweat, material  absorbed 
on clothing continues to  be available fo r  evaporation. The melting point 
of sebum is i n  the v i c i n i t y  of 30 C 
Other sourccs are 
Analytical examination 
The amount of sebum pro- 
Sebum tends to  so l id i fy  i n  the gland openings and prevent 
One i s ,  therefore, concerned both with saturat ion levels  
0 (13) . 
Saturation levels of sebum, where precautions t o  prevent removal 
are taken, have been reported a t  from 0.38 mg per sq cm t o  3.38 mg per sq 
cm, with more of the values a t  the upper p a r t  of the range(3). 
observed without precautions t o  prevent removal have varied from 0.14 t o  
0.24 mg per sq cm (14y15). These values a r e  a l l  based on measurements on 
the forehead. 
great.  
Levels 
Values for  other par ts  of the body may be only one-fifth as 
are : (14) Same data c i t e d  by Carruthers 
2.44 mg/cm, 2 For e he ad 
1-45 mg/c< 3. Upper back Vertebrae l i n e  Nudiapsular l i n e s  0.79 mg/cm, 
vertebrae l i ne  
Nudiapsular l i n e  0.50 mg/cm 0.75 mg/c$ 1 Lower back 
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Some production r a t e s  avai lable  i n  the l i t e r a t u r e  are:  
1.69 5 0.52 %/lo c m  2 /hr = 0.054 mg/cm 2 /hr,  (15) 
2 2 (13) 0.3 to  1.8 mg/20 cm /hr = 0.015 to  0.09 mg/cm /hr ,  
and 0.05 mg/cm 2 /hr. (14) 
Minimum r a t e  
0.1 Z/cm 2 /min = 0.006 mg/cm 2 /hr (3) 
F T ~  these various considerations the following are  estimated f o r  
purposes of calculation: 
Casual levels  
2 LOW 0.15 mg/cm2 
Median 0.3 mglcm, 
High 0.9 mg/cm 
Production r a t e s  
2 
LOW 0.01 mg/c-/hr 
Median 0.02 mg/c?/hr 
High 0.05 mg/cm /hr 
Lower Fa t ty  Acids i n  Sebum. Butyric, va l e r i c ,  and caproic acids are  
( 5  1 
(16) 
reported t o  be present i n  skin secretions to  the extent  of 1.2 percent. 
This estimate seems extremely doubtful. The source from which it comes 
quotes the chemical analysis  of sebum as:  
Water 
Epithelium and p r o  te i n  
Fat  
Butyric, va l e r i c ,  and caproic acids 
Ash 
31.7 percent 
61.75 percent 
4.16 percent 
1.21 percent 
1.18 percent 
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The methods of sebum examination usually used (17’18) begin with organic- 
solvent extract ions t o  remove the l i p id ,  followed by examination of the 
materials so obtaineb. 
present i n  large amounts, one would expect them t o  be extremely prominent 
i n  such extracts .  
noted only t races  of acids below C12. Boughton and Wheatly, (18) using gas 
chromatographic methods, placed the amount of f a t t y  acids of Cl0 and lower 
a t  0.2 percent. If these acids a re  r e a l l y  present i n  large amounts, one 
would expect t h e i r  salts t o  be leached i n t o  eccrine sweat, but they have 
not appeared prominently i n  analysis of t h i s  material-  
I f  butyric,  va l e r i c ,  and caproic acids were r e a l l y  
Haahti!17) using careful  gas chromatographic techniques, 
The data  giving butyric,  va l e r i c ,  and caproic acids as 1.2 percent 
of t o t a l  sk in  secret ions comes from Sunderman (I6) as a t e r t i a r y  source. He 
i d e n t i f i e s  the or ig ina l  source as  a 1912 text. (19) 
Only traces of f a t t y  acids C7 t o  Cg a r e  present i n  sebum; the amounts 
are individually less than 0.05 percent. (14) 
Data quoted by Carruthers (14) give the amount of n-decanoic acid as 
0.08 percent of the t o t a l  f r ee  f a t t y  acids of sebum i n  one case, and the 
t o t a l  amount of f r ee  C10 acids a s  0.3 percent of the t o t a l  f r ee  f a t t y  acids 
of sebum i n  another case. About 30 percent of the t o t a l  weight of sebum 
is f r ee  f a t t y  acids.  (14,201 
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The t o t a l  amount i n  sebum using assumptions previously quoted i n  the 
general  discussion of sebum w i l l  be: 
2 LOW 
Median 5.0 mg 
High 15 mg 
0.15 mg sebum/cm x 19,000 cm2 x 0.30 x 0.003 = 2.5 mg 
The production r a t e  is estimated a s  follows: 
2 2 Low 
Median 0.34 mg/hr 
High 1.0 mg/hr 
0.01 mg/cm /hr x 19,000 cm x 0.30 x 0.003 = 0.17 mg/hr 
The ac tua l  amount reaching the atmosphere w i l l  be a function of i t s  i n t r i n s i c  
v o l a t i l i t y  and its d i l u t i o n  by other components of the system. 
pressure of n-decanoic acid a t  125OC is one mn Hg and a t  268OC is 760 mn Hg. 
Extrapolation of the vapor pressure curve predicts a vapor pressure of only 
0-01 m a t  37OC indicating a negligible evaporation r a t e .  
phere pressure the l imit ing concentration is therefore one pa r t  by volume 
t o  76,000 pa r t s  a i r  o r  E10 ppm by weight. 
about 0.09 percent of sebum and since the molecular weight of other compo- 
nents probably averages not more than three times tha t  of decanoic acid,  
the l imit ing concentration can be estimated a t  
The vapor 
A t  one atmos- 
Since the acid makes up only 
80 ppm x 0.0009 x 3 = 0.21 ppm. 
This w i l l  be fur ther  reduced by the f a c t  t ha t  the pH of skin w i l l  reduce 
the amount of nonionized f a t t y  acid to  about 15 percent of the t o t a l  
(p&j = 4 . 3 ; .  
It seems obvious tha t  the contribution of decanoic acid w i l l  be 
negligible.  
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Higher Fat ty  Acids i n  Sebum. The percentage of t o t a l  f ree  f a t t y  acids 
of sebum represented by the prominent higher members of the se r i e s  is given 
by sources quoted i n  Carruthers '15' a s  foilaws: 
3.6 percent 12 n-C 
WC14 6.3 percent 
24.2 percent n-C 
Oleic 35.6 percent 
16 
Data on the v o l a t i l i t y  of these acids follow: 
0 Temperature . C 
- Acid - 1 U E I l  - 10 mn - 40 m 100 mu 400 lm 760 mn 
12 1 166 201 227 2 73 299 n-C 
142 '199 223 250 294 318 n-C 
153 205 244 271 326 353 n-C 
Oleic 176 223 257 286 334 360 
12 
14 
16 
12 at Projecting these figures graphically, the vapor pressure of n-C 
37OC is predicted a t  about 0.002 m, and tha t  of o le ic  acid a t  0.00001 1~111. 
Therefore, r a t e s  of evaporation would be negligible.  The l imit ing con- 
centrat ion of pure laur ic  acid would be 0.000021 g per l i t e r .  At one 
atmosphere, t h i s  is  16 ppm. When the e f f ec t s  of concentration and of pH 
are  taken i n t o  consideration, the equilibrium concentration is cer ta in ly  
not grea te r  than 300 ppb. The equilibrium concentrations of the other acids 
considered i n  t h i s  group i s  s t i l l  less,  
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Potent ia l  Fat ty  Acids i n  Sebum. Tlie poten t ia l  supply of f a t t y  acids 
formed by hydrolysis of the glycerides of sebum would about double the f ree  
f a t t y  acid fracticn. Hydrolysis wmld f ree  the acids of t he i r  chemical 
associat ion with glycerin. However, the hydrolysis products probably would 
be buffered by ammonia and would not remain as  f ree  undissociated acid. 
Flatus  
Flatus w i l l  represent a ma jo r  source of gaseous contamination of the 
space vehicle. The amount of f la tus  depends markedly upon the d ie ta ry  com- 
posi t ion,  but those foods which promote f l a t u s  production are  known, and i t  
i s  assumed tha t  they w i l l  be avoided i n  assembling the astronaut 's  d i e t .  
The composition of f l a t u s  var ies  markedly between individuals. 
found tha t  s o w  people regular ly  produce hydrogen and others do not. 
Similarly,  some persons produce methane and others do not. 
t h a t  about half  the subjects he has studied produce methane and half  do not. 
It has been 
Murphy (21) s t a t e s  
Flatus egestion is  not constant, but periodic. Murphy(21) estimates 
one 20-50 m l  egestion per hour. 
Some figures on f l a t u s  volume and composition a re  given i n  Table 11A.  
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TABLE 11 
VOLUME AND COMPOSITION OF F'LATUS 
A. Volume Per  Man 
m l  /Day 3ase f o r  
Au &or Average Ranpe Ca icu la  tion Re f e rence 
22 
(a) 23 
Kirk 2 140 520-5720 ml/min 
Askeva Id 980 250-600 12-hr day 
m l  /min 23 
Beazell, Ivy 527 380-655 24 
100-500 2 1  
Murphy 480-1200 "20-50 rnl/hr" 2 1  
B. Methane i n  Flatus 
Concentration, % Es tima ted Rate 
Author Average Ranpe of Production Reference 
Kirk 7.2 0-30 22 
Askevald 0.4 2 0.1 23 
Ca 1 laway 0-23 ml/hr 25 
Murphy 0-173 rnl/day 26 
Murphy 1s 0-40 21 
C. Hydrogen i n  Flatus  
Concentration. % Est imated  Rate 
Author AveraP;e Rame of Production Reference 
Kirk 20.9 3-34 22 
A s  keva I d  2.3 +, 0.5 23 
Callaway 0-16 ml/hr 25 
Murphy 9 0-50 2 1  
Murphy 0-24 mlfday 26 
(a)Quoted range evidently for  12-hour day. 
I -  
I -  
! 
I 
I 
I 
I 
1 
I 
I 
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On the basis  of these figures the following volume r a t e s  of produc- 
t ion  are used as  a base f o r  calculation: 
LOW 150 ml/day = 6.2 ml/hr 
Median 600 ml/day = 25  ml/hr 
High 1500 ml/day = 62 ml/hr 
Methane. The amount of methane produced var ies  widely with individuals 
ranging from essen t i a l ly  none t o  several  m l  per hour. Some basis  for 
estimates a re  given i n  Table 11-B. 
Using Murphy's figure of 18 percent methane and applying it  t o  volume 
estimates quoted e a r l i e r  gives the following r a t e s  of production of methane: 
Low 27 ml/ciay = 1.1 ml/hr 
Median 108 mllday = 4.5 mUhr 
High 270 ml/day = 11 ml/hr 
These s e e m  reasonable estimates i n  view of the data a t  hand. 
It is  t o  be remembered that the t o t a l  methane addi t ion t o  the atmos- 
phere each hour may come i n  increments comprising the t o t a l  hour's produc- 
t ion,  or even the production of several  hours. 
Hydrogen. The amount of hydrogen produced var ies  widely with 
individuals and may be none. Some basis f o r  estimates a re  given i n  Table 1 1 - C .  
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Using Murphy's f igure of 9 percent average hydrogen i n  f l a t u s  and 
applying i t  t o  the volume estimates quoted e a r l i e r  gives the following 
volume r a t e s  of production of hydrogen: 
Low 13 ml/day = 0.54 ml/hr 
Median 54 ml/day = 2.2 ml/hr 
High 130 ml/day = 5.4 ml/hr 
These seem reasonable e s t i m a t e s  i n  view of the data available. 
Hydrogen Sulfide.  The amount of hydrogen su l f ide  i n  f l a tus  has been 
inadequate l y  determined. 
on a cabbage-free d i e t .  
less than 0.0025 percent. 
genera t i on  r a t e  are : 
Kirk('* ) gives an average value of 0.00028 percent 
Murphy(26) has estimated the amount a t  ce r t a in ly  
Using the higher f igure for  sa fe ty  estimates of 
LOW 0.0037 ml/day = 0.00015 ml/hr 
Median 0.0150 ml/day = 0.00062 ml/hr 
High 0.0370 ml/day = 0.0015 ml/hr 
Unidentified Constituents. Murphy(26) has estimated unidentified 
const i tuents  of f l a t u s  as being present i n  concentrations possibly as high 
a s  one percent. 
Resoiratotv Gases 
Hydrogen and methane occur in  resp i ra tory  gases but as re f lec t ions  
of hydrogen and methane of  f l a tus .  (26) It i s ,  therefore,  probably not 
n e ~ e s s ~ r y  that  separate allcrwances be made f o r  these gases from respiratory 
sources. 
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Because of the large volume of respiratory gases, the presence of 
even extremely small concentrations of materials i n  these gases could make 
very important contributions to a i r  contamination i n  a closed space. The 
elimination of acetone i n  diabetes,  of alcohol following ingestion, of e ther  
and other organic solvents following administration, and of selenium- 
containing compounds by the respiratory route is  w e l l  known. More a t ten t ion  
t o  resp i ra tory  gases as a source of contamination would seem w e l l  warranted. 
Carbon Monoxide. Carbon monoxide has been ident i f ied  i n  expired a i r  
I n  three and hemoglobin breakdown has been incriminated as  a source. (27-9) 
subjects  the volunre produced was estimated a t  0.5, 0.65, and 1.05 m l  per 
hour. (29) 
percent. 
0.00001 percent. 
Concentrations i n  the  expired a i r  were from 0.00013 t o  0.00017 
I n  a study of hospitalized subjects  concentrations were 0.00023 & 
(28) 
Estimates for  production per day might be: 
LOW 10 ml/day = 0.41 ml/hr 
Median 20 ml/day = 0.84 ml/hr 
High 30 ml/day = 1.2 ml/hr 
I l l n e s s  or infect ion might increase the amount. 
Summary 
Estimates of contributions to  atmospheric contamination by materials 
considered i n  t h i s  l i t e r a t u r e  search a re  summarized i n  Table 12. Converted 
t o  generation r a t e s  based on three men, these data represent the addition 
of new or  addi t ional  t race contaminants i n  the amounts given i n  Table 13. 
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TABLE 13 
TRACE CONTAMINANTS FROM BIOLOGICAL 
SOURCES PURING 14-DAY MISSION 
Trsce C o n t a ~ n z n t  
Ammonia 
Me thane 
Hydrogen 
Carbon Monoxide 
Phenol 
S+O1 
m3 
cH4 
H2 
co 
PH 
Amount 
Micrmles 
4,200,000 
206,000 
100,800 
53,900 
10,080 
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Selecting Trace Materials €or Use i n  Trace 
Material Control Unit 
A numerical comparison of toxici ty  ra t ings f o r  trace materials w a s  
required i n  order that subst i tut ions could be made f o r  the 12 trace materials 
fr,-c: the Stabilization and Control System t~ arrive at a si~clatim p r m r m  
based on a lesser  number of trace materials. There i s  no established 
procedure fo r  combining a l l  toxici ty  data  re la ted  to a given chemical species 
to  a r r i v e  a t  a r e l a t i v e  measure of toxicity.  Yet, some scheme had to  be 
devised t o  obtain an over-all  rating f o r  each compound so t ha t  trace con- 
taminants could be given a numerical c lass i f ica t ion .  
developed f o r  t h i s  purpose w a s  based upon the following factors :  
The c l a s s i f i c a t i o n  
TLV Rating 
Toxicity Ra t ing* 
S i t e  Rating 
Speed Rating 
Route Rating 
The threshold l imiting value se t  by the 
American Conference of Governmental 
Industr ia l  Hygienists. 
0 - No harm. 
1 - Slight revers ible  changes. 
2 - Moderate reversible  or i r r eve r s ib l e  
changes not causing permanent injury. 
3 - Severe e f f e c t s  possibly causing death 
o r  permanent injury a f t e r  sho r t  
exposure t o  small quant i t ies  . 
Rated as 1 i f  local.  
Rated as 2 i f  systemic. 
Rated a s  1 i f  chronic. 
Rated as 3 i f  acute. 
Rated as 1 i f  by inhalat ion or i f  an i r r i t a n t .  
Rated a s  5 i f  by absorption. 
Rated a s  10 i f  by ingestion. 
*As ra ted by Sax, N. Irving, "Dangerous Properties of Industr ia l  Materials", 
Reinhold, 2nd Edition (1963). 
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The ra t ings  for  s i t e ,  speed, and route a re  or ig ina l  t o  th i s  program, 
as is the summation of ra t ings  given below over multiple modes of act ion:  
10.000 VjToxic i tv)  (S i te )  (Speed) 
TLV L Route "Re l a  t ive Toxicity" = 
An example of the use of the above equation i s  given f o r  the case of 
carbon monoxide which has a TLV of 100, and the following toxic i ty  ra t ings :  
Toxicity Ratings f o r  Carbon Monoxide 
Acute Chronic 
Local Systemic Local SYS temic 
(a)  (b 1 (c 1 (d 1 ( e  1 (f1 
I r r i t a n t  Ingestion Inhalat ion Inha l a  t ion  I r r i t a n t  Inha l a  t ion  
0 0 0 3 0 1 
Sumning fo r  carbon monoxide: 
x(Site )x(Speed ).(Route ) 
Rating Rating T Rating 
from above tabulation 
o x 1 x 3 - o  - 
1 (a) No harm (0) x loca l  (1) x acute (3) A i r r i t a n t  (1) = 
o x 1 x 3 = o  
o x 1 x 3 t o  
10 (b)  'I x x 2 ingestion (10) = 
(c) I' x x 2 inhalat ion (1) = 
(d) Severe (3) x systemic (2) x 'I I inhalat ion (1) = 
(e) No h a m  (0) x loca l  (1) x chronico) I i r r i t a n t  (1) = 
( f )  S l igh t  (1) x systemic ( 2 )  x 'I 2 inhalat ion (1) = 
1 
= 18 
1 
o x l x l - o   
1 x 2 x 1 - 2   
1 
1 z= 20 
Thus, for  carbon monoxide, 
'I Relative Toxicity" = io'ooo>= io*ooo 100 x 20 = 2,000. TLV 
I -  
t 
-55- 
Table 14 i s  a compilation of tox ic i ty  c r i t e r i a  for t race materials.  
The da ta  were used to  obtain "relat ive toxicity" ra t ings  for other materials 
i n  the manner i l l u s t r a t e d  above for  carbon monoxide. The normalized ra t ings  
a r e  given i n  Table 15. These rat ings were used t o  make subs t i tu t ions  for 
some of the trace mater ia ls  to arrive at a sirnulatian program for the entdre 
inventory based on a l e s se r  number of  trace materials.  Substi tutions were 
made within chemical Z'anilies where possible.  This was done i n  deference t o  
the opinion tha t  numerical tox ic i ty  ra t ings  are  not t ru ly  quant i ta t ive  and 
should be used with due regard taken of the known chemical and physiological 
propert ies  of each material .  
Compound (List includes 
those appearing once or 
more as major constitu- 
ents h 5 or more times 
as minor constituents) 
Carbon Monoxide 
Carbon Dioxide 
Acetone 
Ethyl Formate 
Methyl Acetate 
n-sutyi Aicohol 
Methyl Isobutyl Ketone 
m-Xylene 
o-Xylene 
p-Xylene 
Ethyl Alcohol 
is0 Propyl Alcohol 
Toluene 
Propionaldehyde 
Benzene 
Ethylbenzene 
Trichloroethylene 
Carbon Disulfide 
Acetaldehyde 
n-Valeraldehyde 
n-Butyraldehyde 
Methylethyl Ketone 
tert-Butyl Alcohol 
Heptane 
is0 Butyl Alcohol 
Mesitylene 
Methyl Methacrylate 
Freon 114 
Ethylene Dichloride 
Vinylidene Chloride 
Methylene Chloride 
Ammonia 
Me thane 
Hydrogen 
Phenol 
Preva 1 enc e 
Formula Ranking* 
Mo 1 ecul ar 
Weight 
28 
44 
58.1 
74.1 
74.1 
74.1 
100.2 
106.2 
106.2 
106.2 
46.1 
60.1 
92.1 
58.1 
78.1 
106.2 
131.4 
76.1 
44 
86.1 
72.1 
72.1 
74.1 
100.2 
74.1 
120.2 
100.1 
171 
99.0 
97.0 
84.9 
17.0 
16.0 
2.0 
94.1 
Tempera- 
ture 
760 mm 
 
-192 
-78s 
56 
58 
54 
iii 
118 
139 
144 
138 
79 
82 
111 
49 (740) 
80 
136 
87 
46 
21 
103 
76 
80 
83 
98 
108 
165 
101.0 
3.5 
83.5 
31.6 
40.1 
-33.35 
-161.5 
-259 
181.9 
Aci Dipole -
- Moment 
TLV 
10%) (PPM) 2 
0.1 100 
0 5000 
2.89 1000 
1.93 100 
1.72 200 
i .67  lG0 
(0.3) 200 
0.62 200 
0 200 
1.70 1000 
1.60 400 
0.36 200 
2.72 ? 
0 25 
0.59 200 
(1.5) 100 
0 20 
2.72 200 
(2.72) ? 
2.72 ? 
16 100 
0 500 
1.64 ? 
0 ? 
(1.8) 400 
0 1000 
0 50 
(2.05) 500 
0 500 
1.46 100 
0 
0 
1.7 5 
(2.8) 100 
(3) 200 
* Prevalence Ranking -- those which are rated appeared once or more as major constituents and 5 
*Data from Sax ,  "Dangerous Properties of Industrial Materials", Reinhold, 2nd Edition (1963). 
materials at 200°F in 5 PSIA oxygen. Reference 2. 
0 - No harm. 
1 - Slight-readily reversible. 
2 - Moderate-reversible or irreversible. No death or permanent injury. 
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LE 14 
OF TRACE MATERIALS 
Toxicity Criteria* 
Chronic (long duration, 
days, months, years) te (short duration exposure or dose-seconds, minutes, hours) 
Local Systemic Local Systemic 
Skin Skin 
ritant Ingestion Inhalation Ingestion Inhalation Absorption Irritant Ingestion Inhalation Absorption 
0 
0 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 
2 
2 
2 
1 
1 
3 
2 
1 
1 
3 
U 
1 
1 
3 
3 
2 
3 
0 
0 
3 
0 
0 
2 
2 
2 
1 
2 
2 
1 
1 
1 
3 
2 
1 
3 
U 
1 
3 
2 
3 
3 
0 
0 
2 
2 
2 
1 
2 
1 
1 
1 
3 
1 
1 
2 
3 
U 
1 
2 
3 
2 
3 
0 
0 
3 
2 
2 
2 
3 
2 
2 
2 
U 
2 
2 
2 
3 
2 
2 
2 
2 
1 
3 
2 
U 
3 
3 
1 
2 
2 
2 
2 
3 
1 
1 
1 
2 
2 
2 
U 
2 
2 
3 
3 
2 
2 
2 
2 
2 
2 
3 
1 
1 
3 
2 
3 
U 
1 
1 
3 
2 
2 
2 
1 
1 
U 
2 
2 
2 
3 
2 
2 
U 
3 
0 
0 
'1 
Unknown 
U 
U 
U 
1 
1 
1 
1 
U 
1 
U 
0 
U 
1 
U 
1 
1 
1 
U 
1 
U 
U 
U 
U 
2 
2 
U 
1 
0 
0 
2 
1 
U 
2 
1 
U 
1 
1 
2 
U 
3 
U 
3 
2 
U 
U 
U 
U 
U 
1 
U 
3 
U 
1 
U 
2 
1 
1 
1 
U 
2 
i 
U 
1 
1 
1 
1 
1 
2 
U 
3 
U 
1 
3 
2 
U 
U 
U 
U 
U 
3 
1 
U 
3 
U 
1 
U 
1 
0 
2 
1 
U 
2 
i 
U 
1 
1 
1 
1 
2 
U 
3 
U 
1 
3 
U 
U 
U 
U 
U 
U 
2 
U 
1 
U 
0 
2 
or more times as minor constituents among compounds outgassed from certain organic engineering 
3 - High -- may cause death or permanent injury with small dose. 
U - Unknown -- no information on humans considered valid. 
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TABLE 15 
"RZLATIVE TOXICITY" RATINGS OF TRACE CONTAMINANTS 
Trace Contaminant 
Carbon Monoxide 
Ace tone 
E&;? F G m t e  
Me thyl Ace t a  t e  
n-Butyl Alcohol 
Methylene Chloride 
Methyl-n-Butyl Ketone 
0- m- or  p-Xylene 
Ethyl Alcohol 
i-Propyl Alcohol 
Toluene 
Benzene 
Ethyl Benzene 
Tr  i c  h l  o r  oe thy l e  ne 
Carbon Disulfide 
Acetaldehyde 
Methyl Ethyl Ketone 
t-Butyl Alcohol 
Me thyl  Methacrylate 
Cumene 
Freon 114 
Ethylene Dichloride 
Vinylidene Chloride 
h n i a  
Methylene Chloride 
Me thane 
Eyk cgen 
Pheno 1 
"Re 1 a t ive 
Symbol Toxicity"* 
co 
AC 
d C  
AC 
NEAL 
MC 
MIBK 
xn, 
EAL 
IPAL 
TOL 
BEN 
EBZ 
TCE 
CDS 
ACA 
MEK 
TBAL 
MMC 
CUM 
F114 
EDC 
VD7 
+ 
f 
"3 
cH4 
MC 
U 
'2  
PH 
100 
14 -4 
22 0 
60 
110 
37 
160 
30 
10.5 
28 
62 
759 
62 
143 
952 
95 
4a 
95 
9.4 
30 (est .)  
7.5 
480 
23 (est.) 
36.8 
37 (based on 
vinyl  chloride) 
- -* 
- -* 
2000 
* Normalized t o  a value of 100 for  carbon monoxide. 
*Hot ra ted -- simple asphoxiants offer ing f i r e  and explosion hazards. 
+ Materials expressed a l so  a s  ace tone. 
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Generation Rate Patterns 
The generation r a t e  pat tern for the SCS w i l l  be used to  i l l u s t r a t e  
the method of simulating generation r a t e  patterns with the trace material  
control  uni t .  The amounts of t race materials and t h e i r  "relat ive toxicity" 
ra t ings  a r e  compiled i n  Table 16 from corresponding data i n  Tables 8 and 15. 
Subst i tute  trace materials and the i r  "relat ive toxici t ies"  a re  a l s o  l i s t e d  
i n  Table 16, and a f i n a l  summation is made over the quant i t ies  of subs t i t u t e  
materials.  This procedure limited to  f i v e  the nunber of trace materials 
required t o  program the control  u n i t  fo r  simulation of generation r a t e s  from 
the SCS. 
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It was shown i n  the sec t ion  of t h i s  report  on "Trace Materials Not 
Generated by SCS" t ha t  there w i l l  be approximately three t i m e s  more 
e lec t ronic  gear than represented by thc SCS contributing t o  trace mater ia l  
contamination. 
r e s u l t  from multiplying the generation r a t e  p ro f i l e  fo r  the SCS by three and 
adding the addi t ional  trace contaminants from materials and processes 
(Table 9 ) ,  and from biological  sources (Table 13). This is done i n  Table 17 
t o  present 3 f i n a l  generation r a t e  pat tern f o r  the en t i r e  mission covering a l l  
sources of contamination. 
It is apparent t ha t  a complete generation r a t c  pa t te rn  w i l l  
The f i n a l  s tep  i n  t h i s  analysis requires t ha t  the generation r a t e  
pat terns  be t ranslated i n t o  useful  and p rac t i ca l  programs f o r  the operation 
of the 'IMCU. 
It w i l l  be noted t..at no subs t i tu t ions  have been made f o r  heptane, 
methane, and hydrogen although they are  a l l  much a l ike  i n  chemical and 
physiological behavior. It is suggested tha t  they a l l  be used i n  the lMcu 
because subs t i tu t ions  for  such large amounts of materials might lead t o  
gross e r rors .  
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Protzraromim the Trace Material  Control Unit 
The absolute generation r a t e s  presented i n  Table 16 must be in t e -  
grated i n t o  program f o r  operation of the Trace Material Control Unit to  
simulate contamination of a system which does or  does not involve a t race 
mater ia l  sink. These programs a rc  developed i n  the following sect ions of 
the repor t .  Their development required (1) the use of a simple mathematical 
model simulating the depletion process, (2) the se lec t ion  of a reasonable 
leak r a t e  or c i rcu la t ion  r a t e  through the Environmental Control System (ECS) , 
and (3) the de f in i t i on  of complete systems adapted fo r  use with the 'IMCU. 
Simulation of Depletion Processes 
The possible deplet ion factors  are  gas sampling, condensation, decom- 
pression, operation of the Environmental Control System (ECS), and leakage. 
Gas sampling i s  analogous to  removal of t race contaminants by the ECS or  by 
leakage, I f  a l l  three a re  100 percent e f fec t ive  i n  the removal of trace 
mater ia ls ,  gas sampling can be included a s  an ins igni f icant  contr ibut ion 
t o  the other two deplet ion factors .  
s ign i f i can t  deplet ion factor  providing there is good c i rcu la t ion  coupled with 
an e f f i c i e n t  ECS, as  appears to be the case. 
deplet ion fac tor  to a closed system containing no other sinks f o r  t race 
mater ia ls .  
The system could nei ther  be controlled nor used t o  any purpose. 
pression is  a spec ia l  event which would be handled a s  a purging followed 
by a new approach to  steady s t a t e  conditions,  
leakage cons t i tu te  the depletion factors  t reated for  modification of genera- 
t i on  r a t e  patterns.  
Condensation is not expected t o  be a 
Condensation would be a major 
This does not appear to be a p rac t i ca l  s i t u a t i o n  t o  simulate. 
Lkcm- 
Thus, ECS operation and 
-63- 
Leakage and ECS operation can be t reated a l ike  i n  tha t  both remove 
t race  contaminants a t  r a t e s  proportional t o  the concentration of contami- 
nant. Assuming complete mixing i n  the cabin, the steady s t a t e  concentration 
of any contaminant can be obtained, using appropriate un i t s ,  from: 
D SS = r Css L2 J 
where r = leak r a t e  or r a t e  of c i rcu la t ion  through the ECS, 
D = depletion r a t e  a t  steady s t a t e .  
88 
The above condition is preceded by a t rans ien t  or unsteady-state 
process leading t o  the steady-state concentration. This process can be 
t reated as a simple d i lu t ion  problem having a pa r t i cu la r  so lu t ion  corres- 
ponding t o  the steady-state condition described above. 
I f  R = r a t e  of generation of trace mater ia l  
Q = r a t e  of generation of clean a i r  as by 
(1) leakage and replacement of contaminated a i r ,  or  
(2) flow through the ECS, in cfm for  example 
v = volume of system 
t = t ine  
C = concentration, 
dc E or vdc+ QC = R d t  then dt = ; -
This homogeneous l inear  f i r s t  order d i f f e r e n t i a l  equation has a pa r t i cu la r  
dC so lu t ion  for  the s teady-state  condition when dt = 0 :  
It has the general solut ion,  C = (1 -e v Q 
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Selection of Reasonable Leak Rate and Circulation 
Rate through Environmental Control System 
An estimation of circulat ion r a t e  through the Environmental Control 
System, ECS, is based upon a r a t e  s u f f i c i e n t  t o  maintain the cabin C02 level 
at one pacerit, or at a p a r t i a l  presstire of 7 . 5 5  m Ha. 
( 5 )  with time varies with cabin volume because of man's accumulation of CO 
T?-E uncmcrd led  
2 
accomodation to  CO and re ten t ion  of CO i n  h i s  system. I n  1000 l i t e r s ,  the 2 2 
pressure of CO from one man reaches 36 mm Hg i n  three hours. "his corres- 2 
ponds t o  an average generation r a t e  of 200 liter-nm Hg per minute. For a 
volume of 2000 liters per man as i n  the case of the Apollo C/M, the 
generation r a t e  i s  about 250 liter-mm Hg pe r  man-minute. Under this con- 
d i t i on ,  a c i rcu la t ion  rate of 33 liters per minute through the ECS would 
be s u f f i c i e n t  t o  maintain a steady s t a t e  p a r t i a l  pressure of CO of 7.6 nun tIg, 2 
The t o t a l  c i rcu la t ion  required f o r  three men would be 99 l i t e r s  per minute, 
assuming no other. sources of CO and assuming 100 percent eff ic iency of the 
ECS. This amounts t o  3.5 cfm or  1.65 percent per minute. For purposes of 
t h i s  study, the value of 3.5 cfm is used e i t h e r  as  a leak r a t e  or  rate of 
c i rcu la t ion  through the ECS. 
2 '  
The t ine  t o  reach steady s t a t e  based on e i t h e r  leak rate or  c i rcula-  
t ion r a t e  can be calculated from the equation: 
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where C = "concentration" of C02 i n  uxn Hg 
It = r a t e  of generation of C02 
Q = r a t e  of generation of clean a i r  
t =: time i n  minutes 
v = volume = 6,000 1 
760 1-mm Hg/min 
100 l/min 
The time t o  a r r ive  within one percent of the steady s t a t e  concentration 
is 4.6 hours. 
The uni t s  used i n  the above calculat ion are l e s s  convenient than: 
C =,p moles/cu f t  
R = p moles/hour 
Q = cu ft /hour = 60 x cfm = 60 x 3.5 = 210 
v = cu f t  of system = 212 
t = hours 
Noting tha t  Q v or Q/v 1, the equation takes the simpler form: 
A TMCU Propran for  Closed System 
without Trace Material Sinks 
Imagine a closed system w i t h  zero dumping rate .  The lMcu is to  be 
programmed t o  simulate the constant r a t e  of increase of trace material  
concentration i n  a closed system having no sinks for  removal of trace con- 
taminants. I n  t h i s  case, the pulse r a t e  w i l l  be constant and equal 
numerically to the calculated generation r a t e  i n  p moles per  hour. 
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Table 18 contains a compilation of generation r a t e s  for  a l l  trace 
mater ia ls  (Coluom 3). It w i l l  be observed tha t  only ammonia c a l l s  f o r  a 
generation r a t e  or  pulsc r a t e  s l i g h t l y  sxceeding the designed capabi l i ty  
of the Trace Material Control Unit, l 0 , O O O y  moles per hour o r  pulses per 
hour . 
I n  view of the probabili ty that no system w i l l  be f ree  from conden- 
s a t i o n  and adsorption, i t  is  unlikely tha t  the f i n a l  concentration of 
Column 4 (Table 15) w i l l  be attained after 14 days of generation i n t o  a 
closed system. The e r r o r  night ,  i n  f a c t ,  be extremely grea t  i n  the cases 
of benzene, heptane, n-butyl alcohol, and phenol, which arc generated a t  
l o w  rates and never reach high concentrations. 
It is suggested, therefore,  t h a t  the closed system be simulated by 
an open-loop system from which trace materials a r e  dumped continually a t  
a r a t e  proportional to t he i r  concentration, i .e.  a t  a constant-volume rate. 
The pulse r a t e  from the TMCU w i l l  have to exceed the calculated r a t e  of 
generation of trace materials by the rate of loss by dumping: 
Pulse r a t e  = generation r a t e  + r a t e  of loss by dumping. 
The rate of loss by dumping w i l l  be d i r e c t l y  proportional t o  concentration. 
The concentration, i n  turn, must vary from zero a t  zero time t o  a f i n a l  
value a t  336 hours of :  
generation rate ( i n  1.1 moles/hour) x 336 hours 
Volume (212 cu ft) 
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Thus, the concentration i s  d i rec t ly  proportional to  time. Accordingly: 
Pulse r a t e  = generation rate  + b t  = a f b t .  
Taking Freon 114 a s  an example, i t s  generation r a t e  is 3620 )J moles 
per hour. The f i n a l  concentration 
a t  336 hours w i l l  be (3620 x 336)/212 or 5 7 4 0 ~  moles per cu f t ,  a t  which 
ti- the r a t e  of loss  by dumping i s :  
Frcm th i s ,  a = 3620 p moles per hour. , 
Cr = 5740p noles/cu f t  x 3.5 cfm x 60 min/hr 
= bt 
e 
.b = 3590, and 
Pulse r a t e  = a + b t  = 3620 + 3590 t. 
Table 17 lists the data necessary to  calculate the constants a and 
b, and Table 19 outlines the program for the trace material  control u n i t  f o r  
a l l  trace materials i n  terms of the constants a and be The program is dis -  
played graphically for BEN, HEP, NBAL, EDC, and PH i n  Figure 5. 
mater ia ls ,  the f i n a l  pulse r a t e s  do not exceed the designed capab i l i t i e s  
of the RlCU. 
materials without much danger of fa i lure  due to adsorption or condensation. 
For these 
This open-loop system w i l l  be useful f o r  s tudies  of these 
I f  the simulation is to include a l l  the trace materials a t  one t i m e ,  
the open-loop system w i l l  s t i l l  be more re l iab le .  To use it, the "CU 
must be designed to  put out from over four moles per hour of ammonia to 
only 1.5 ,u moles per hour of benzene. 
-69- 
TABLE 19 
PROGRAM F(IR Mcu TO SZMULAZZ SYS”t4 
HAVING NO TRACE MATERIAL SINKS* 
I n i t i a l  Pulse Rate, 
a ,  or Actual Final 
Generation Rate Concentration 
d(PR)Jrf 
Final Pulse Rate, b =  
Material i n  u MLes/& y Moles/Cu F t  Pulses/Hr 
m3 
m4 
H2 
F114 
Ace tone 
co 
m 
BDC 
NBAL 
HEP 
BEN 
12,500 
3,620 
613 
340 
300 
160 
30 
24.4 
18.4 
4.3 
1.5 
19,800 
5,740 
972 
539 
476 
2% 
47 -6 
38.7 
29.2 
6-82 
2-38 
12,360 
3,590 
606 
336 
297 
158 
30 
24.2 
18.2 
4.2 
1.5 
4,170,000 
1,2 10,000 
205,000 
113,000 
100,260 
53,500 
8,490 
8,140 
6,114 
1,440 
500 
* Based on open-loop system having a dumping rate of 3.5 cfm and volume of 
212 cu ft. 
mquals  ( f ina l  concentration) (3 5/336) 
8 -  
8 
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FIGURE 5 PROGRAM OF TMCU TO SXMULATE SYSTEM WITHOUT TRACE MATERIAL SINKS 
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Programming the lMcu t o  Simulate a Closed 
System with Trace Material Sinks 
This simulation c a l l s  fo r  r e l i ab ly  maintaining steady-state concm- 
t r a t i o n s  over a long period of time. 
ducing t race mater ia ls  i n t o  a closed system during the t rans ien t  period 
u n t i l  the s teady-state  concentration is a t ta ined ,  and then dumping the 
system while continuing t o  introduce t race mater ia ls  a t  a constant r a t e  
equal t o  the r a t e  of dumping. 
is 4.6 hours when simulating a leak r a t e  of 3.5 cfm or  fo r  the same rate of 
c i r cu la t ion  through an e f f i c i e n t  envirormrental control  system. 
r e l a t ionsh ip  between concentration and t ime  during t h i s  t rans ien t  period 
w a s  given e a r l i e r  i n  the repor t  as: 
This can be accomplished by in t ro-  
The t rans ien t  period fo r  a 212 cu f t  system 
The 
c = lt (1 -e- v Q 
For purposes of t h i s  s iuu la t ion ,  
C = concentration of t race contaminant i n y  moles/cu f t  
B = r a t e  of generation i n  JI moles/hour 
Q = rate of dumping i n  cu f t /haur  = 60 x (3.5 c h )  
t = time i n  hours. 
It follows t h a t ,  
The volume, 212 cu f t ,  is ,  by chance, almost equal t o  Q. 
dm 
dt 
Therefore, 
pulse rate = - = R p .  
-72- 
The pulse r a t e  during the first 4.6 hours is a multiple of f t ,  the 
coeff ic ients  of €-t being the generation r a t e s  of Column 3, Table 18. 
pulse r a t e s  a f t e r  4.6 hours w i l l  vary from material  t o  material  as:  
R Pulse Rate 
The 
Q C (steady s t a t e )  = = Q 
The steady-state concentrations are given i n  Table 18. 
during the t ransient  and steady-state period is presented graphically i n  
Figure 6.  
The pulse r a t e  
Again, arrnonia is the only material to exceed the capabi l i t i es  of 
The high generation r a t e  for  ammonia 
It i s  a maximum r a t e  obtained by assuming neglect 
the ZMCU (but by only 25 percent). 
may not be r e a l i s t i c .  
of usual hygiene, and consequent bacter ia l  degradation of the urea content 
of sweat . 
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FIGURE 6 PROGRAM FOR TNCU TO SIMULATE LEAK OR OPERATING ECS 
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